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SUMMARY 



The available data on control surfaces having plain 
overhang and Prise balances have been analyzed and some 
empirical relations that will facilitate the prediction 
of the . characteristics of balanced control surfaces from 
the geometric constants have been determined. The 
analysis presented has been limited to the effects of 
overhang, nose shape, gap, and Mach number. Although 
the relations given are not considered sufficiently re- 
liable to allow satisfactory prediction of airplane 
stick forces without the aid of wind-tunnel tests of a 
scale model, they are considered applicable to the pre- 
liminary design of control-surface balances and to modi- 
fications of balances already in use. 

The effects of balance variations in changing the 
slope of the curve of hinge -moment coefficient "plotted 
against control-surface deflection and in changing the 
lift i effectiveness of the control surface are correlated 
for low Mach numbers by a balance factor that accounts 
for the length snd shape of overhang. No such factor 
was obtained that would adequately account for all of 
the variables affecting the slope' of the curve of hinge- 
moment coefficient plotted against angle of attack Qr^ 
the deflection range over v/hich the balance is effective 
in reducing the slope of the hinge -moment curve. The 
effects of Lap and Mach number are presented for a few 
representative models. Some representative pressure- 
distribution diagrams are presented for controls with 
plaiii-overhcng and "Prise balances. 



INTRODUCTION 



The demands for more maneuverability and smaller 
control forces for high-speed combat aircraft and the 
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general increase in the size and speed of all types of 
airplane have resulted in a considerable amount of re- 
search on means for balancing control surfaces. The 
results of a groat part of the control-surface research 
have recently been collected in two papers? one gener- 
ally applicable to ailerons (reference 1), and the other 
generally applicable to tail surfaces (reference 2). 
The data contained' in the two collections and In other 
papers are being analyzed, correlated, and summarized at 
LMAL. The results of these studies are being published 
separately as thoj are completed. Reference 3 contains 
information on internally balanced controls, reference 1+ 
contains information on controls with beveled trailing 
edges and similar contour modifications, and reference 5 
contains data on horn-balanced controls, 

The present paper deals with control surfaces 
having plain-overhang and Prise balances. The effects 
of overhang, nose shape, gap, and Mach number have been 
studied. The Prise balance is considered only as a 
special type of overhang balance, and certain charac- 
teristics/ generally associated only with Prise balances 
such as the effects of bulges, vent gaps, slot shapes, 
and the vertical locations of the hinge axes - have not 
been considered. Such effects may sometimes be appre- 
ciable, but they cannot be properly evaluated from the 
existing data. 



SYMBOLS 



The coefficients, parameters, factors, and symbols 
used in correlating and presenting the data are: 

lift coefficient 

section lift coefficient 

average lift coefficient over control-surface 
span for airfoil with plain sealed control 
surface 

section lift coefficient for airfoil with plain 
sealed control Surface 




hinge-moment coefficient 
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section hinge-moment coefficient 

/P - P n \ 

P ore -sure coefficient ( ~i 

\ q / 

p local static pressure 

p 0 static pressure in undisturbed airstream 

q dynamic pressure cf unci is tur'oed airstream pV 

a angle of attack, degrees 

ftj control-surface deflection relative to airfoil, 

degrees 



o cr> critical control-surface deflection; that is, 

deflection at which plain-overhang or prise 
balance is no longer effective in"reducing 
slope of hinge -moment curve (approximately 
the deflection at which maximum lift is ob- 
tained for a given angle of attack) 

0 airfoil chord 

c root-rriean-square airfoil chord over span of 

control surface 

Cf control-surface chord back of hinge line 

root-mean-square control-surface chord 

c Q balance chord, distance from hinge line to 

leading edge of plain-overhang or Frise 
balance 

c b root-mean-square balance chord 

cv) ' contour balance chord, distance from hinge line 

to point of fcangency of balance leading-edge 
arc and airfoil contour 

c fe ? roct-mean-square contour balance chord 

t thickness of airfoil section at hinge line 

t rcot-mean-square of airfoil section thickness at 

hinge line 
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b f span of control sqrFfcaa 

by, span plain- overman g or Ffcise balance 

A aspect ratio 

X ratio of tip chord to root chord 

M Ma oh number; v/ith subscripts , area moment of the 

balance profile about hihge ax. is 

R Reynolds numbers with subscripts , balance nose 

radius 

I chord~v r ise location of minimum -pressure point 

for low-drag airfoils measured In airfoil 
chords froi:- leading ed^e (one-tenth of second 
digit in low-drag airfoil designation, 
reference 6 ) 

overhang factor 
Fp^F? ? nose-shape factors 
Kj balance factor pi F 2 1 ) 

Sub scripts 

0, A, B, C, D, S, 0, denote overfeang-nose type (table 
and 



w/ 0 



c 7 

"a 
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k 11 ft *e f f ec t 1 vene s a parameter I — - > 

k~ lift-eff ec tivcness parazaetey .for Dls.ln sealed 
flaps ( ~ } 

\ "0/ 

The subscripts outside the parentheses indicate the 
factors held constant during meiasurieatent of the parameters , 

AGh I 

Ac v 1 
c 

^rj, > increments of elopes of hinge -moment curves cine 

nB i to overhang type of balance for test condi- 

& c a-, I tions using data for plain unbalancqd control 
0 J surface with 3an:e gap condition as a hase 
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AVAILABLE DATA 



The data used in the summary were obtained from the 
results of model tests presented in references 7 to 2]+ 
and also from various unpublished test results. Some of 
the more pertinent information regarding the geometric 
characteristics of the models and the test conditions 
are simmarized in table II* 

Although an appreciable amount of data from tests 
of two-dimensional control surfaces and finite-span ailep 
ons. were available, the amount of data obtained for 
finite-span tail surfaces was not considered adequate 
for a reliable correlation. 

The values of the slopes of the hinge-moment curves 
used in the analysis are the slopes for small control 
deflections at an angle of attack of 0°. 



CORRELATION METHODS 



The present paper is concerned with the generalisa- 
tion of the effects of plain-overhang and Prise balances 
in providing aerodynamic balance for flap- type control 
surfaces . Empirical factors and design charts were de- 
sired in order that approximate relations could be es- 
tablished between the" geometric constants of overhang 
balances and the effects of overhang balances on the 
hinge-moment slopes. A preliminary study of the problem, 
indicated that the slope increments ACfc and ACh a 

(or kcfcg and 1 due to the overhang were more 

suitable for correlation than the total values of the 
slopes ■ 

The aerodynamic balancing effect of an overhang 
balance is considered to be a maximum when the contour 
of the balance conforms to the contour of the airfoil 
for the entire length of the overhang, Bounding or ta- 
pering the nose causes a reduction in the effect of the 
balance. In the present analysis, the effects of over- 
hang length and nose shape were evaluated independently 
by means^of various cross plots of the available data. 
The effects of variations in the nose shape were found 
to depend on the overhang length; therefore, a measure 
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of the net balancing effect of plain-overhang or Prise 
balances was obtained as a product rather than as a dif- 
ference- of two empirical factors. The two factors 
are which is related to the length of overhang, 

and Fg 1 , which is related to the sectional shape of 

the balance nose. Thus 



where 



K l ~ F l F 2 r 





and the expression for F 2 f is given in table T for 

various general types of nose shape. As may be seen 
from table J, the expression for Fn % tm $ in general, 
the product of an area -mome lit ratio and a basic nose- 
shape factor that specifies the relative location of the 
point ef tangency of a circular -arc nose and the airfoil 
contour . 
as 



"•'his basic noso-shar^e factor is defined 



\ 2 



= 1 - 



1/ 



\ 



+ XT I 



It should be noted that for any overhang having a 
nose formed by circular arcs (nose tynes 0, A , B, j), and 
G of table J) 

F 2 1 72 ?2 



and therefore 
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If the nose shape is elliptical (type C, table I] 
or sharp (type E or F, table T. ) the .factor 1 is ob- 
tained by multiplying a nominal value of F2 by an area- 
moment factor. For an elliptical nose (type C) the 
nominal value of F2 is the value that would be ootained 
for a flap having the same overhang as the given flap but 
With a nose shape of type 3. The appropriate area-moment 
factor is given in table I where M 0 , " B , and M c are 
the area momenta about the hinge axis of the balance pro- 
files having nose types denoted by the subscript letters. 
A similar method is used for the sharp-nose balances (E 
and P) . In these cases, the nominal value of ?2 is 

obtained for a circular-arc nose {type D) having a 
radius R_ such that the arc becomes tangent to the air- 
foil contour at a ooint defined by the intersection of 
the airfoil contour and an extension of the straight line 
forming the forward portion of the balance nose. The ex- 
ponents' of the area-moment factors were determined em- 
pirically. 

Graphical solutions of the expressions for the over- 
hang factor Fj (for overhangy having spans equal to 
the control-surface span) and the basic nose-shape 
factor F2 are presented in figure 1. The value of F x 
for balances which do not extend over the entire span of 
the control surface (as for conventional rudders) is ob- 
tained by mill tip lying the value of $i obtained from 
figure 1 by the ratio of balance span to control-surface 
span. The use of this figure should allow a rapid deter- 
mination of F x and F 2 , provided the geometric con- 
stants c b , c b », t , and c f are known. 

The analysis of the available data on control sur- 
faces with beveled trailing edges (reference ij.) indi- 
cated that the effects of plan form of the wing or tall 
surface could be accounted for reasonably well by as- 
suming that both the lift-curve slope ana the increments 
of hinge -moment slopes due to aerodynamic balance are 
affected by plan- form changes in the same manner. The? same 
assumption" has been made in the present correlation of 
the variation of hinge moments with control deflection. 

In the original reports of the partial-span model 
tests (models X, X'TII, ahd im of table II) plan-form 
corrections were not applied to the hinge-moment data 
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but were applied to the other aerodynamic characteristics. 
The lift characteristics used for these three models in 
this correlation are those corresponding to the actual 
portion of the model tested and are not "the same as pre- 
viously presented lift characteristics. 



RESULTS 
Hinge -Moment . Parameters 

The effects of overhang balances on- the. var-iation 
of hinge-moment coefficient with control deflection are 
shown in figure 2 as curves of AC^g/Cj^ or Ac hg /c^ 1 

plotted against the balance factor Ki. The parame- 
ter c L-i is the average value of the lift-curve slope 

over the span of the control surface and is generally 

somewhat different from the lift-curve - slope of the 

entire wing. A method of estimating the value of C T 

h l n 
a 

for ailerons on wings of various plan forms, is given in 
reference ■ >(.. For conventional tail surf aces, ' C T 

L l 

-a 

generally may be assumed equal to the lift-curve sloioe 
of the entire surface. As shown by figure 2, the varia- 
tion of the parameter AG^ ^3^ with for finite - 

0 na 

span ailerons was the same as the variation -of Acv, /c 7 

with JCj for two-dimensional flaps. The relation was 

somewhat different, however, for finite -span tail surfaces 
from that for finite-span ailerons or two-dimensional 
flaps. No attempt has been made to account for the dif- 
ference, but the assumption that hinge-mcment sic :e 
increments and the lift -curve slope vary in the same 
manner with plan form is probably not valid for the very 
low aspect ratios normally used for tail surfaces. The 
relation indicated for finite-span tail surfaces is based 
on test results of relatively few models and cannot 
therefore be considered as reliable as the relation shown 
for finite-span ailerons and two-dimensional flaps. 
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Values of AC* /C L and Ac* e /cj (for negative 
0/ la c/ 1 n 

deflections only) for ailerons and flaps having Frise 
balances had essentially the same relation to the balance 
factor Kj as did the values for ailerons and flaps 
having plain-overhang balances. The Frise data are pre- 
sented in a separate plot, however, in order to show the 
limits of Ki covered by the available data. 

First-approximation values of c*/cf required for 
given values of may be obtained for nose shapes of 

types A, B, or D from figure 3. This figure was derived 
from the ordinates of 5ACA conventional airfoils as given 
in reference 25, and values of c h /c f obtained *Yom this 
figure may be accepted as the final values for any air- 
foil of the NACA conventional four-digit or five -digit 
series. For other airfoils, figure ? should bemused only 
for determining first -approximation values oi ciycj. By 
use of figure 1 and one or two additional approximations 
the final values may be obtained. 

No factor was obtained that would adequately account 
for all the variables which effect the variation of 
hinge-mcment coefficient with angle of attack. The va- 
riations of AC* and Acv with the overhang fac- 

tor P] are presented in figure ! j. for representative 
models' havinp various nose shapes and open or sealed 
srans. As mav be seen from figure I;. ACv, or Ac h in- 

creases v;ith overhang, but the increase is less rapid for 
medium noses (tyix: C) or sharp noses (type F) than for 
blunt noses (type p.) . The effect of nose shape is much 
greater when the gap is open than when the gap is sealed 
and sealing the gap generally results in a decrease ir. 
AC- or Acv. for a given balance. Little consistency 
h c h a 

in the magnitude of the decrease can be noted from 
figure ).;.. " 

Deflection Range 

Attempts to correlate 6 CT ,, the deflection at which 
the overhang loses its balancing effect, with the balance 
factor F n gave unsatisfactory results. A somewhat 



: t aca acr No. 1J4B13 



11 



Fp , ! 

better correlation was obtained with the function — - 



(x-i 2 ) 

in which the factor 1 - l, serves to account for the 
lov/er values of 5 obtained for iow-drag airfoils. 
The scatter of points In figure 5, which ore sent s the 
correlation of 5 cr for d*« 0°, is probably still too 
great to justify use of the given relation in original 
design work. The given relation, however, should allow 
satisfactory estimates of the change in o nv that might 
be expected to accompany minor modifications to the over- 
hang or nose shape of balances already in use, 



Lift Effectiveness 

Several investiga fcions have indicated that the lift 
effectiveness of a flap is a function of the overhang 
balance and the gap. Reasonably consistent variations 
of the effectiveness ratio k.A with the balance fac- 
tor ICj were obtained and are presented in figure 6 for 

several different gaps. The test values plotted are 
principally for 50 -percent -chord flap? (only a few points 
for 20-percent-chord flaps were available) but the rela- 
tions shown in fig-ore 6 are believed to apply reasonably 
well within the limits of chord ratios normally used for 
control surfaces o The effectiveness parameter k for a 
flap having a given gap and balance factor Kn may be 
determined by multiplying the value of k/k r> obtained 
from figure 6 by the effectiveness parameter k n for a 
plain sealed flap having the same chord ratio c.* /c . 

That the effectiveness parameter lc increases with the 
balance factor and that the rate of increase is 

greater for the larger gaps may be seen from fig-ure-6. 
If the four curves of figure 6 had been plotted" from the 
same base, they would, intersect near k/k c = LOS 

-/here Kj 35 0. 0% Thus, for & values greater than 

COS, opening e gap Will generally increase k, and 
for values less than 0.05, opening a gap -ill gen- 

erally decrease k. Although the lift effectiveness 
increases as the amount of balance increases, the un- 
stalied deflection range decreases (fig, 5), The maximum 
increment of lift of a highly balanced control surface 
is generally somewhat less than the maximum increment of 
lift of the corresponding unbalanced control surface. 
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Effect of Gap 

The effect of gap on the section hinge—moment pa- 
rameters and on the cr it ical deflection is given for a 
few representative two-dimensional models in figure ?. 
For the conventional airfoils for which results are shown 

there was a tendencv for the values of Gu and c^ 

"a ~ 6 

to become less negative as the gap was increased. For 
the low-drag airfoil (model II), however, the values 
of C] la and cy,^ became mere negative as the gap was 

increased. The variations noted for the various airfoils 
are in agreement with the statement in reference I| that 
opening a gap increases the tendency of larger trailing- 
edge angles to make the hinge -moment parameters more 
posibive . 

The magnitude of the critical deflection decreased 
with gap for the two models shown in figure 7. The rate 
of decrease of G cr was greater for the low-drag air- 
foil (model IT) than for the conventional airfoil 
(model I) . 



Effect of Mach Number and Reynolds Number 

The effect of a simultaneous increase in Mach number 
and Reynolds number on the hinge-moment parameters, the 
lift-effectiveness parameter, and the critical deflection 
is shown for three representative models in figure 80 
The data are too scarce and the variations too irregular 
to justify any generalizations except with regard to the 
critical deflection, which decreased as the Mach number 
increased for all three cases. The variation of 6 cr 

with M was slightly greater for flaps with sealed gaps 
than for flaps with open gaps. 

The tendency for cv, and cy to become less 

negative at the higher Sfiach numbers as noted for some 
airfoils is important because it may lead to control- 
force overbalance at high speed. The available data are 
too meager, however, to warrant rating the various air- 
foils and types of overhang on this basis. 
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Pressure Distributions 

Data on the pressure distributions over control 
surfaces with plain-overhang and Frise balances are rela- 
tively scarce but a few sample diagrams from references 1, 
19, and 26 are presented in figures 9 to 13. Additional 
data may be obtained from references 27 and 28 , 

The effects of nose radius, gap, and control- surface 
deflection on the pressures over control surfaces with 
plain- overhang balances is shown for a two-dimensional 
model in figure 9 and for a finite-span model in 
figure 10, Within the uns tailed range, decreasing the 
nose radii had little effect on the pressures back of 
the hinge but increased the peak pressure at the pro- 
truding nose of the balance. Control surfaces with very 
small nose radii stalled at relatively low deflections. 
Sealing the gap decreased the positive pressures on the 
upper surface of the balance for negative deflections 
but had a negligible effect on the pressures over other 
portions of the control surface. 

The effect of Mach number on the pressure distribu- 
tion over a control surface with plain -overhang balance 
is shown in figure 11 for control -surface deflections 
of ±10°. The increase in peak negative pressure, which 
usually accompanies an increase in Mach number, is not 
evident in figure 11. Evidently the adverse pressure 
gradient back of the balance nose was so great that the 
control surface stalled at some intermediate Mach number. 
Pressure surveys over the lower surface at the nose and 
the upper surface at the hinge line of a Prise aileron 
on a semispan model of a low- drag wing are shown in 
figure 12. 

The effects of nose radius, vent gap, and modifica- 
tions to the slot- entry shape are shown in figure 13 for 
a control surface with a Prise balance. Decreasing the 
nose radius with this control had effects similar to 
those noted previously for the plain- overhang control; 
that is, the peak negative pressures were increased for 
every case except for the smallest nose radius, with 
which the nose was stalled at the deflection for which 
the diagram is shown. Increasing the vent gap or 
rounding the slot entry slightly reduced the negative 
pressures over the balance nose for negative deflections 
and the positive pressures over the balance nose for 
positive deflections. Rounding the slot entry and 
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increasing the vent gap increased the flow velocity 
through the slot, as is evidenced by the more negative 
pre s sunes over the upper surfaces of bhe balance and cf 
the control at positive deflections. 



OPTIMUM BALANCE ARRANGEMENTS 



Many factors must be considered in selecting the 
optimum overhang-balance arra.o gement for a given control 
surface. The following is c brier discussion of some of 
these factors, 

A given value of ftOu may be obtained by many va- 

5 

riations of balance length and noee shape ranging from 
rather short and blunt balances to longer balances with 
sharp noses. Although the geometric characteristics may 
be adjusted over quite a wide 3?ang« for any given value 
of ACft , other aerodynamic character is bios vill not 

remain constant and, consequently, must be considered. 

The fact that varies approximately as H^l* 

whereas ACv varies "as ! tl , . indicates that a long 

JUL A 

overhang and a moderate nose shape of type E, C , or D is 
more satisfactory than a short overhang and a blunt-nose 
shape of type A. 

A factor that is probably c;uite closely related 
to d cr is the magnitude of the peak pres sures over the 

balance nose. If ACu fi id assumed to remain the sams, 

a short blunt-nose balance produces higher peak pressures 
than a long balance with a moderate nose shape. The high 
pea 1 -: pressure associated with the very blunt nose shape 
increases the possibility that the control surface may 
keccme overbalanced at high Hach numbers and probably in- 
creases the rate at which Vjach number reduces the value 
of 5 Qr . The high peak pressures increase the possi- 
bility that sunercritical local velocities will be 
reached over the nose of the balance. Although little 
definite information is at present avai3.ab.le concerning 
the effects of shock waves that occur over only a rela- 
tively short chordwise portion of the airfoil, such 
effects are probably not beneficial* 
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The ease with which static balance may be obtained 
la important, especially for largo airplanes . The long 
overhangs permit static balance to be obtained by the 
addition of a minimum of otherwise nonuceful weight. 

Other considerations impose 11 ni tat ions on the most 
desirable length of overhang. A long overhang requires 
a large part of the fixed structure of the wing or tail 
surface to be cut away to alien for free movement of the 
balance c The large breaks in the airfoil surface that 
result from the use of medium or Sharp nose shapes 
probably increase the drag, 

! T oee shapes of types Q f D, 3, or P are likely to 
give overbalance at high deflections if designed for 
s "light underbaiance at %Qm deflections because a large 
portion of the balancing, action of the overhang type of 
balance is produced by the negative pressure developed 
at the portion of the nose that protrudes above or below 
the airfoil contour. For nose t rr nes 0 and D the negative 
pressure peak moves forward and increases in magnitude 
as the deflection is increased, thereby resulting in an 
effective increase in balance. From these considerations 
it might be mentioned that a shape of type D can be ex- 
pected to be more satisfactory than a shape of type G, 
unless the deflection limits allow the most forward point 
of the nose to protrude outside the airfoil contour/ 
All the pointed nose shapes (types D, Sj and P) shew a 
greatly increased balancing effect v/hen the nose pro- 
trudes above or below the airfoil contour. It appears 
that such a condition should be avoided by the use of 
stops unless the control deflection required would be 
beyond the critical value and it is desired to use the 
control in this condition. Control surfaces with blunt- 
nose overhangs (types A and 3) have also shown some 
tendency toward increased balance at high deflections 
(references 7 and 19) but the effect is "not as great as 
for the medium- and sharp-nose aijape? just discussed. 

As pointed out in a previous section the pa- 
rameter AC^ is relatively independent of nose shape 

for sealed balances and appears to depena principally on 
the balance chord. The choice of the best"" combination 
of no:-:e shape and overhang for a given AC^ may there - 

fore be influenced by the value of obtained, the 

degree of influence depending on the specific application. 
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The choice of an open or a sealed gap for use with 
the overhang will be influenced by the fact that nose 
shape has more effect on G& a with the gap open than 

with the gap sealed. For balances having values of 
greater than about 0.0') the use of an open gap generally 
increases the lift-effectiveness parameter k of the 
control surface. Fart of the gain in k, however, is 
obtained at the expense of a loss in . The loss 

in o, generally is not harmful if the 'control surface 

is an aileron but affects the airplane stability ad- 
versely if the control surface is a rudder or an 
elevator . 

The possibility of any buffeting tendency should 
not be overlooked in the design of a balanced control 
surface. Plight tests aa well as wind-tunnel tests nave 
revealed such tendencies for Frise ailerons as pointed 
out in reference 1. The buffet in- appears to occur in 
the region of the negative deflections at which tne air 
flow separates from the protruding nose: that is, at de- 
flections near the critical values given for zero angle 
of attack in figure 5« An increase in angle of attack 
usually delays buffeting for Frise ailerons. Buffeting 
way also be delayed by any modification that tends to 
delay separation; that is, by increasing the nose radius 
reducing the overhang, raising the nose, bulging the 
lower surface of the aileron, or providing the nose with 
a slot or a slat. With the possible exception of the 
addition of a slot or slat, all these measures tend to 
reduce the aerodynamic balance for small deflections. 

Some buffeting w' i3 noted during tests of two models 
having plain-overhang balances. The oscillations were 
not so severe, however, as those noted for Frise balance 
Because this type of balance may protrude into the air 
stream either above or below the airfoil surface, the 
deflection at which buffeting may occur would be expecte 
to be less for either positive or negative angles of 
attack than for zero angle of attack. 

From the foregoing discussion it may be concluded 
that the final selection of a control-surface nose shape 
must be a compromise depending on the relative importanc 
of the various factors considered. 
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In the case of ailerons, the selection of overhang 
and nose shape may be made principally from a considera- 
tion of the value of Che required* The effect of Gh 

on the stick forces during a roll must be considered in 
the choice of Cjj , but the adjustment of the nose shape 

or overhang of ailerons to obtain a desired value of Ch 

1 a 

is not recommended. A no.se shape similar to type B 
seems the most promising of those tested; therefore, for 
original design work, it should generally be necessary to 
determine only the overhang for a nose shape of type B 
required to give a value of already decided upon. 

The value of Ch 5 actually obtained may be adjusted 

later within a limited raiige by making minor modifica- 
tions to the nose shape without changing the length of 
overhang. The effect of nose shape on the peak pressures, 
the critical deflection, and the variation of Che with 

deflection, however, must be given consideration. 

The hinge-moment parameters C^ 5 and C^^ are of 

almost equal importance for tail surfaces, and the selec- 
tion of the overhang and nose shape therefore depends on 
obtaining desirable values for each of these parameters. 
As has already been pointed out, the nose shape has 
little effect on provided the gap is sealed. The 

overhang may consequently be selected to obtain the de- 
sired value of Ch and the nose shape may then be 

a 

selected to obtain the desired value of C^, due consid- 
eration being taken of the effect of nose shape on the 
peak pressure, on the critical deflection, and on the 
variation of Ch with deflection. If the desired value 

°? ^Iiq cannot be obtained by selection of only the nose 

shape, some adjustment of the overhang may be necessary, 
and compromise values of C h and Ch will thereby be 

obtained. 
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COMPARISON OF RESULTS T ' : ITT-I THEORY 



The faired curve of fiffttre 2(b) and the theoretical 
values of c h g for plain sealed flaps derived by Olauert 

and presented in references 29 and 30 were used in c on- 
put ing the fringe moments of flaps with plain sealed over- 
hangs on an infinitely thin airfoil, for which 
reduces to (c^/c,-) 2 . The values thus computed were then 
compared with theoretically derived values presented in 
figure 5 of reference $1. The data of reference 33 are 
presented for values of the ov-jr-all control-surface 
chord (c b + c f ) equal to 0.25c and 0.50c with various 
hinge locations for several values cf a parameter A, . 
In reference 31, \ is an effective reduction in balance 
chord and is the distance over which the concentrated 
source-sink representing the steep break at the balance 
nose is soread in order to picture the local flow and at 
the sane tine retain physical reality. According to ref- 
erence 31, \ is probably greater than 5 percent and 
less than ItO percent of the balance chord for airfoils 
of finite thickness. The values for an infinitely thin 
airfoil would be expected to fall near the lower limi" 
of the su^T^ested range of X • Th:5 s premise is borne out 
by a comparison of the theoretical curves and the experi- 
mental data extrapolated to zero thickness in the manner 
noted. The experimental data forms a curve located at 
X = 0.03 to 0.05 for both values of over-all control 
surface chord. 



DESIGN PROCEDURE 



The results of the present analysis are considered 
applicable to the original design of control-surface 
balances and of balance modifications for control sur- 
faces already in use. The procedure recommended for an 
original design will be illustrated in detail by an 
example \ 

Let it be required to estimate the length of plain 

overhang for a nose shape of type 3 to give a final 

value of Oh. of -0.0010 for a 0.20c aileron on an 
n o 

NACA 2J012 airfoil. The aerodynamic characteristics 
needed' in the design are; (1) the slope 0^ of the 
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plain unbalanced aileron having the same gap condition 
as the proposed balanced aileron, and (2) the average 
slope of the lift curve over the aileron portion of the 
wing Or 

Because only the increments of slopes due to the 
balance are considered in the present correlation of 
hinge -moment characteristics , the ability to obtain a 
desired value of Cu for the balanced control surface 

is critically dependent upon the accuracy of the value 

of Cw B used as a base* The value of this base may be 
*•*<§ . 

estimated from comparable finite -span data or calculated 

from section data, but the final value of G^g obtained 

for the balanced aileron cannot be expected to be more 
accurate than the value used for the base. The slope of 
the lift curve of the entire surface C T will usually 

be knovm from experimental data. The average slope over 
the snan of the aileron C T „ may be estimated with suf- 

-Ml 

fioient accuracy by the method of reference h. 

It is assumed that the following results were ob- 
tained? 

(for plain -unbalanced aileron) = -O.OO7O 

c L « 0,080 

The increment of hinge -moment slope required of the 
plain-overhang balance is 

38 -°' 0010 -(-0.0070) a O.OOoO 

and therefore 



AC 'n 5 _ 0.0060 ... 

— ~ "bTbW - u '° 75 



■a 



For finite-span ailerons the balance factor IC* is equal 
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t0 _J5 (f^, 2)j thus, 



L l 



a 



K x =0.075 



The required overhang for a nose shape of type 3 
may now be determined approximately from figure 3(a), by 
use of the value of ft just determined and 

~ 0.1*1 from the known airfoil ordinates at the 

c f 

aileron hinge line. Therefore, 

% 

=* = 0.397 
c f 

The accuracy of this value may he checked by drawing the 
aileron nose to the proper ordinates (balance 1 of 
fig. 1.L) from which the contour-balance chord may be ob- 
tained 'graphically. For constant-percentage-chord 
ailerons, the result is 



c D « 



■ - 0.221 



Now, from figure 1, F 1 = O.lkl, F 2 = 0.521, and there- 
fore ft = 0.C7/;, which is sufficiently close to the 
value required. As has already been shown, the value 
of cV/cf obtained from figure 3 may be accepted as the 
final value for nose shapes. of type A, 8 , or D for any 
airfoil of the NAG A conventional four-digit or five-digit 
series and, therefore, the check just performed was not 
necessary in this instance. If an airfoil section 
having a' different thickness distribution had been used, 
or If it had been desired to use a nose shape other than 
type A, B, or D, figure 3 would still have beep used, but 
only to obtain a preliminary estimate of c b / c f . 



NACA ACR No. 1J4JSI3 



21 



The procedure to be used in connection with proposed 
modifications to plain-overhang balances is similar to 
that just outlined for an original design exeept that 
the value of 0^ o r the original balanced contrel sur- 
face may be used as the base. If only a certain incre- 
ment AQh A is desired, no base value is necessary. 

In order to Illustrate the change in overhang that 
would, normally be required to give the same amount of 
aerodynamic balance for small deflections when the nose 
radii are varied, two additional nose shapes have been 
derived and are presented in figure l!<.(a). Balance 2 
has one and one-half times the nose radius of balance 1 
and balance J has one half the ncse radius of balance 1. 
The geometric constants of the three balances are tabu- 
lated in figure lif.(&) , 

The variation of Qw that may be expected to 

accompany moderate changes in the nose radius with a 
fixed overhang is indicated in figure 1)4. (b). The esti- 
mated values of 0 h range from -0.0022 to 0.0002. 

The recommended procedure for the design or modifi- 
cation of control surfaces with T; 'rise balances is similar 
to that just outlined for plain-overhang balances except 
that the increment A(v applies only to the negative 

deflection range. The slope Cv^ • for positive deflec- 
tions greater than about 8° may be considered to be unaf- 
fected by overhang or nose shape. The complete hinge- 
moment curve can be approximated with a fair degree of 
accuracy at low angles of attack by fairing a curve 
between the balanced negative portion (tangent at 
Qf ~ -2 ) and the unbalanced positive portion (tangent 

at &£ ~ 6°). The exact locatior of the curve with re- 
spect to the axes is dependent on a number of factors, 
however, including the shape of the airfoil section. A 
prediction of the characteristics of a control surface 
with a Prise balance, therefore, cannot be expected to 
be as accurate as a prediction for a control surface 
with a plain-overhang balance, it is believed, however, 
that the effect of minor modlf ications to uither plain- 
overhang or Prise balances can be predicted with fair 
accuracy by the method outlined. 
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CONCLUSIONS 



The results of the preceding correlation and analy- 
sis Indicate the following general conclusions regarding 
control surfaces having plain-overhang or Frise balances- 

1. ,T, he effects of balance variations in changing 
the slope of the curve of hinge-moment coefficient 
plotted against control- surface deflection and in 
chan. tins the lift effectiveness of the concrol surface 
could be correlated for various models at low lEach num- 
bers by the use of a balance factor that accounted for 
the size and shape of the overhang. 

2. w 0 correlation factor was obtained that would 
adequately account for all the variables which affect 
the slope" of the curve of hinge-moment coefficient 
plotted against angle of attack or which affect the de- 
flection range over which the balance is effective in 
reducing the slope of the hinge-moment curve. 

5. The presence of a small gap at the nose of a 
plain-overhang" balanced flap and of the corresponding 
unbalanced flap does not appreciably alter the differ- 
ences in the slopes of the curves of hinge moment 
plotted against control deflection, 

I . The shape of the balance nose varied the effect 
of a gap at the control leading edge on the slope of the 
curve'" of hinge moment plotted against angle of attack 
for plain-overhang balances . 

L ). The presence of a gap at the control leading 
ed*e consistently increased the effect of overhang in 
increasing the control lift-effectiveness parameter. 
With the open gap the increase in the lif t-ef f ectivensss 
parameter with increase in overhang was caused by an in- 
crease in the slope of the curve of lift plotted against 
control-surface deflection and a decrease in the slope 
of the • curve of lift plotted against angle of attack. 
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60 The data were too meager to justify any definite 
generalizations concerning the effects of M&eh niSBiber on 
plain-overhang and Frise balances except that increases 
in Mach. number consistently decreased the deflection 
range over which the balance was effective in rod.uc3.ng 
the slope of the hinge -moment curve. 



Lang ley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va tJ 
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TABLE I.~ VARIOUS NOSE SHAPES CONSIDERED IN 
CORRELATION OF PLAIN-OVERHANG AND FR/SE BALANCES 
AND CORRESPONDING EXPRESSIONS FOR NOSE-SHAPE FACTOR. 



Nose 
type 



Section showing nose shape 



Nose-shape factor, 



Cb=0 




I- /- 




B 




\*— c bri . 




0 





r^ff- f» 
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Tabla II.- IIFORMATIOH RKOARDINO TESTS Of MODELS HA VI SO BALA ICED CONTROL S UK PACKS 

A - CONTROL SURFACES WITH EX POSED- OVERRAN 0 BALANCES 

[D»«i0Mtlona of law-drag airfoil*. ragardlaaa or tha font in whl«h thay appaar la tha othar 
r«f«r*nea», ara ehangad throughout to tha font praaoribad on p. 21a of rafaronea 6 J 
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Table II.- INFORMATION REGARDING TESTS OF MODELS HAVINO BALANCED CONTROL SURPACES - Continued 

A - CONTROL SURPACES WITH EX POSED- OVERHANG BALANCES - Continued 

[Designations of low-drug tlr folia, regardlaaa of the form in »nloh they mpp—T in the other 
references, are o hanged throughout to the form prescribed on p. 21a of reference 6 J 



52 
> 

> 

> 



Sym- 
bol 



Des- 
igna- 
tion 



Model 



Plan form of surface 



18.00"- 




| [-e-ij.3.20" ^2T50^g*j T 

|- 1*5.00" — 




Le8.8o n [-^52.30 w — *|T 
— 25.31" U.55"— ' 




-ll;.7" L \ U5-3" — ' 
UkA 




Typical section of 
control surface 





Airfoil section 



Root, 
NACA 

23015 



Tip, 
NACA 



Root, 
NACA 
23015.5 
(approx. ) 



Root, 
NACA 

65(223)«222^5(2 



1.0 



Tip, 

NACA 
23008.25 
(approx. ) 



Tip, 



a = 0.5 



NACA 

0009 



7.2 



%6 



•12.0 



3.7 



0.U2 



0.60 



*0.32 



0.57 



c r /c- 



0.195 
.206 



0.155 



0.225 



0.30 



0.I4.00 
.322 



0.113 
500 
lO0 



.50 
.Ho 



0.35 



0.090 

.350 
.500 



Oap 



Type of test 



0.0025c 



{Sealed 
0.005c 



0.005c 



{Sealed 
0.005c 



Complete model 



Semispan 
wing model 



Quarter-span 
wing model 



Tall-surface 
model mounted 
on fuselage 



Values giTen are for complete wing and not for partial-span wing tested. 
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Table II.- INFORMATION RBflARDXHO TESTS OF MODELS HAVING BALANCED CONTROL SURFACES - Continued 

A - CONTROL SURFACES WITH EXPOSED-OVERHANG BALANCES - Concluded 

[De»lgnatlons of low-drag air folia, regardless of the form In which they appear In the other 
references, are changed throughout to the form prescribed on p. 21a of reference 6J 



> 
O 
> 



Sym- 
bol 



Des- 
igna- 
tion 



Plan form of surface 



typical section of 
control surface 



Airfoil section 



Cf/C 



Gap 



Type of test 



Refer- 
ence 





NACA 
0009 



1+.7 



0.S0 



0.I+5 



0.10 
.20 



0.005c 



Isolated full- 
scale tall surface 





Modified 

NACA 
66-8erlea 



2.1+1 



0.1+0 



0.12 
• 50 
.50 



Sealed 
0.0035c 



1 Tall-surface 
V model mounted 
Jon stub fuselage 



o 





Root, 

NACA 
0015 



Tip, 
NACA 
0009 



14..5 



0.50 



0.1+3' 

J+2' 
, .1+1' 

[ .1*6: 



0.36I+ 
.397 

.1+10 



0.0036c 



Semi span 
tail surface 



36" 



11 




NACA 
0009 



3.0 



0.30 



0.35 
.50 



Sealed 

0.005c 



Semlspan 
tall surface 
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Table II.. INFORMATION REOARDINO TESTS OP MODELS HA VINO BALA SC ED CONTROL SURFACES - Coco luted 

B - CONTROL SURFACES WITH PRISE BALANCES 

[Designation* of low-drag airfoils, regardless of the form in which they appear In tha other 
references, ara ahangad throughout to the form preaerlbed on p. 21a of rafaranoa 6 J 



2S 
> 

o 
> 



Sym- 
bol 



Modal 



Des- 
igna- 
tion 



Plan form of surface 



Typical eection of 
control aurface 



Airfoil eection 



Sf/B- 



Tap 



Type of test 



Refer- 
ence 



0 



T 
124- 




NACA 

23012 



0.55 



0.005c 



Two-dimensional 



8U" 




NACA 

Conventional aeetior 

(approx. 
lit. percent thick) 



0.57 



Open 



Two -dime n a lonal 



23 



1T8.T 






Junnel 1 

emu ; 


L-l68.9"k 


1^-89.3'-^ 




Root, 
65(223' ' 
a = 1.0 



Tip. 
)^&5(2l6Ha5 
a ■ 0.5 



•0.32 



0.23 



0.U2 



Quarter -s pan 
wing model 




NACA low -drag 
(See plan form) 



"7.3 



•0.U2 



0.20 




Third- a pan 
wing model 



NACA 

23012 



U.o 



1.00 



0.20 



0.278 

.526 



Semi span 
wing model 
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a Valuea giwen are for complete wing and not for partial-span wing tested. 
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Fig. 3a 
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Fig. 3b 
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Fig. 3c 
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Finite-span tail surface with plain- overhang balances 

Model Nose type 
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Finite- span ailerons 
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Figure 4.- Variation of increment of hinge- moment slope AC^ (or Ac n<x ) with overhang 
factor for various balanced control surfaces. M, 0.1 to 0.2. 
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Figure 5.- Variation of critical deflection with factor F//F}/(l-^) for 
balanced control surfaces. Af } OJ to 0.2; <x,0 0 ; symbols are for corresponding 
models of table E- /ola/n symbo/s } open gaps-, flagged symbols, sealed gaps. 
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Figure 6.- Variation of liff -effectiveness parameter , 
relative to lift-effectiveness parameter of plain- sealed 
flaps, with balance factor. M, O.I fo 0.2 . Symbols are 
for corresponding models of table U. 
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Figure 7.- Variation of flap section turtle- moment parameters 
and critical deflection with gap. or, 0°; /V, 0.1 to 0.2?. 
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Figure 9.- Pressure distributions on a 0.20 c flap with 
o 0.35 c f blunt-nose balance. /VACA 230/2 airfoil 
section (model I of table JZ) ; data from reference 26; 
a, 0° ; M ~ 0.36. 
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Figure /0.' Effect of aileron deflection and nose shape 
on the peak pressures at the nose of a 0.155c 
aileron with a 0.35 c f balance. Model R of table R. 
data from reference 13 ; cr, 0° ; M^O.I . 
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Figure II- Pressure distributions on a 0.20c flap with a 0.35 c f 
blunt-nose balance. NACA 66f2/5)-2/6 9 a=/.0 airfoil section; 
model E of table H: data from reference 2€; a, 0) gap, 0.0055c. 




Figure 12.- Effect of aileron deflection on peak pressures of a 
020c aileron with a 040 c f Frise balance. Model HI of 
table H. Data from reference I ; a , / 0 ; M ^0.1 . 
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a 0.35c f Frise balance. /VAC A 23012 airfoil section-, model 
JIT of table H; data from reference 2&oc ) 0° i M ) 0.36. 
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Figure 14.- Various plain-overhang balances derived for 
ailerons of wing used for_ illustrative example. NACA 
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